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57 ABSTRACT

A device is coupled to a heat exchanger for mitigating
fouling by applying a mechanical force to a fixed heat
exchanger to excite a vibration in the heat exchange surface
and produce shear waves in the fluid adjacent the heat
exchange surface while the heat exchanger is in operation.
An electromagnetic driven impulse device induces vibration
onto heat exchanger tubes and/or an acoustic wave through
the liquid service fluid to reduce fouling. The device can be
mounted directly onto the outer part or piping and produces
acoustical/vibrational modes onto the tube or near the sur-
face of tubes.
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DEVICE FOR GENERATING ACOUSTIC
AND/OR VIBRATION ENERGY FOR HEAT
EXCHANGER TUBES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to heat exchangers used in
refineries and petrochemical plants. In particular, this inven-
tion relates to mitigation of fouling in heat exchangers.
[0003] 2. Discussion of Related Art

[0004] Fouling is generally defined as the accumulation of
unwanted materials on the surfaces of processing equip-
ment. In petroleum processing, fouling is the accumulation
of unwanted hydrocarbons-based deposits on heat
exchanger surfaces. It has been recognized as a nearly
universal problem in design and operation of refining and
petrochemical processing systems, and affects the operation
of equipment in two ways. First, the fouling layer has a low
thermal conductivity. This increases the resistance to heat
transfer and reduces the effectiveness of the heat exchang-
ers—thus increasing temperature in the system. Second, as
deposition occurs, the cross-sectional area is reduced, which
causes an increase in pressure drop across the apparatus and
creates inefficient pressure and flow in the heat exchanger.
[0005] Heat exchanger in-tube fouling costs petroleum
refineries hundreds of millions of dollars each year due to
lost efficiencies, throughput, and additional energy con-
sumption. With the increased cost of energy, heat exchanger
fouling has a greater impact on process profitability. Petro-
leum refineries and petrochemical plants also suffer high
operating costs due to cleaning required as a result of fouling
that occurs during thermal processing of whole crude oils,
blends and fractions in heat transfer equipment. While many
types of refinery equipment are affected by fouling, cost
estimates have shown that the majority of profit losses occur
due to the fouling of whole crude oils and blends in pre-heat
train exchangers.

[0006] Fouling in heat exchangers associated with petro-
leum type streams can result from a number of mechanisms
including chemical reactions, corrosion, deposit of insoluble
materials, and deposit of materials made insoluble by the
temperature difference between the fluid and heat exchange
wall.

[0007] One of the more common root causes of rapid
fouling, in particular, is the formation of coke that occurs
when crude oil asphaltenes are overexposed to heater tube
surface temperatures. The liquids on the other side of the
exchanger are much hotter than the whole crude oils and
result in relatively high surface or skin temperatures. The
asphaltenes can precipitate from the oil and adhere to these
hot surfaces. Prolonged exposure to such surface tempera-
tures, especially in the late-train exchanger, allows for the
thermal degradation of the asphaltenes to coke. The coke
then acts as an insulator and is responsible for heat transfer
efficiency losses in the heat exchanger by preventing the
surface from heating the oil passing through the unit. To
return the refinery to more profitable levels, the fouled heat
exchangers need to be cleaned, which typically requires
removal from service, as discussed below.

[0008] Heat exchanger fouling forces refineries to fre-
quently employ costly shutdowns for the cleaning process.
Currently, most refineries practice off-line cleaning of heat
exchanger tube bundles by bringing the heat exchanger out
of service to perform chemical or mechanical cleaning. The
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cleaning can be based on scheduled time or usage or on
actual monitored fouling conditions. Such conditions can be
determined by evaluating the loss of heat exchange effi-
ciency. However, off-line cleaning interrupts service. This
can be particularly burdensome for small refineries because
there will be periods of non-production.

[0009] Mitigating or possibly eliminating fouling of heat
exchangers can result in huge cost savings in energy reduc-
tion alone. Reduction in fouling leads to energy savings,
higher capacity, reduction in maintenance, lower cleaning
expenses, and an improvement in overall availability of the
equipment.

[0010] Attempts have been made to use vibrational forces
to reduce fouling. U.S. Pat. No. 3,183,967 to Mettenleiter
discloses a heat exchanger, having a plurality of heating
tubes, which is resiliently or flexibly mounted and vibrated
to repel solids accumulating on the heat exchanger surfaces
to prevent the solids from settling and forming a scale. This
assembly requires a specialized resilient mounting assembly
however and could not be easily adapted to an existing heat
exchanger. U.S. Pat. No. 5,873,408 to Bellet et al. also uses
vibration by directly linking a mechanical vibrator to a duct
in a heat exchanger. Again, this system requires a specialized
mounting assembly for the individual ducts in a heat
exchanger that would not be suitable for an existing system.
[0011] Thus, there is a need to develop methods for
reducing in-tube fouling, particularly for use with existing
equipment. There is a need to mitigate or eliminate fouling
while the heat exchanger equipment is on-line. There is also
a particular need to address fouling in pre-heat train
exchangers in a refinery.

BRIEF SUMMARY OF THE INVENTION

[0012] Aspects of embodiments of the invention relate to
providing a device for generating vibrational energy that
produces shear waves in fluid adjacent a heat exchange
surface to mitigate fouling of the surface.

[0013] Another aspect of embodiments of the invention
relates to providing a device that can be added and used in
an existing heat exchanger while in operation.

[0014] An additional aspect of embodiments of the inven-
tion relates to providing a device that can be controlled to
impart an optimal amount of vibrational energy while main-
taining the structural integrity of a system.

[0015] This invention is directed to a device for generating
energy to induce vibration into a heat exchange system to
mitigate fouling, comprising a base including an impact
surface, the base being mounted to a heat exchanger, a spring
loaded support mounted to the base, an impactor mounted on
the spring loaded support, an actuator positioned adjacent to
the impactor that selectively actuates the impactor to move
with respect to the impact surface, wherein the impactor
generates vibrational energy over a range of frequencies that
is transferred through the base to the heat exchanger.
[0016] In a preferred embodiment the impactor is a steel
ball, the spring loaded support is a resilient rod, and the
actuator is an electromagnet.

[0017] A controller is connected to the actuator that con-
trols the impactor to move based on a predetermined pattern
to generate vibrations at a certain frequency. A sensor is
coupled to the heat exchanger and connected to the control-
ler to provide feedback relating to the vibrations induced by
the impactor.
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[0018] The device can be provided in combination with a
heat exchanger, wherein the base is structurally connected to
heat exchanger. The heat exchanger preferably includes a
plurality of tubes that carry fluid for heat exchange. The
vibrational energy generated from the impactor is imparted
to the fluid carried by the tubes. The heat exchanger can be
in situ in a refinery.

[0019] The invention is also directed to a kit for retrofit-
ting a heat exchanger in a refinery with a fouling mitigation
system, where the heat exchanger has a heat exchange
surface exposed to fluid flow. The kit comprises a device for
generating energy to induce vibration in the heat exchanger.
The device includes a base with an impact surface, a spring
loaded support mounted to the base, an impactor mounted on
the spring loaded support, and an actuator positioned adja-
cent to the impactor that selectively actuates the impactor to
strike the impact surface. A mounting device forms a struc-
tural connection between the device for generating energy
and the heat exchanger. A controller is connected to the
actuator that selectively drives the actuator in accordance
with a predetermined frequency to generate vibrational
energy over a range of frequencies that is transferred through
the base to the heat exchanger for producing shear waves in
the fluid flow.

[0020] These and other aspects of the invention will
become apparent when taken in conjunction with the
detailed description and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will now be described in conjunction
with the accompanying drawings in which:

[0022] FIG. 1 is a side view of the device for generating
vibrational energy in a first position in accordance with this
invention;

[0023] FIG. 2 is a side view of the device of FIG. 1 in a
second position;

[0024] FIG. 3 is a side schematic view of a heat exchanger
with the mechanically induced vibration system located at
the tube-sheet flange and positioned axially with respect to
the tube bundle;

[0025] FIG. 4 is a side schematic view of a heat exchanger
with the mechanically induced vibration system located at
the tube-sheet flange and positioned transversely with
respect to the tube bundle;

[0026] FIG.5 is a side schematic view of a heat exchanger
with the mechanically induced vibration system located
remotely with respect to the tube-sheet flange;

[0027] FIG. 6 is a schematic drawing of the inside of a
tube showing axial wall vibration;

[0028] FIG. 7 is a schematic drawing of the inside of a
tube showing tangential or torsional wall vibration;

[0029] FIG. 8 is a schematic drawing showing lift, drag
and shear forces inside a vibrating tube;

[0030] FIG. 9 is a side perspective view of a shell-tube
heat exchanger; and,

[0031] FIG. 10 is a side view of a shell-tube heat
exchanger with a mechanically induced vibration system in
accordance with this invention.
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[0032] In the drawings, like reference numerals indicate
corresponding parts in the different figures.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] This invention is directed to a device for mitigating
fouling in heat exchangers, in general. In a preferred use, the
device is applied to heat exchangers used in refining pro-
cesses, such as in refineries or petrochemical processing
plants. Such processing generally involves whole crude oils,
blends and fractions, which will be referred to collectively
herein merely as crude oils for purposes of simplicity. The
invention is particularly suited for retrofitting existing plants
so that the process may be used in existing heat exchangers,
especially while the heat exchanger is on line and in use. Of
course, it is possible to apply the invention to other pro-
cessing facilities and heat exchangers, particularly those that
are susceptible to fouling in a similar manner as experienced
during refining processes and are inconvenient to take off
line for repair and cleaning.

[0034] While this invention can be used in existing sys-
tems, it is also possible to initially manufacture a heat
exchanger with the vibration inducing device described
herein in new installations.

[0035] Heat exchange with crude oil involves two impor-
tant fouling mechanisms: chemical reaction and the depo-
sition of insoluble materials. In both instances, the reduction
of'the viscous sub-layer (or boundary layer) close to the wall
can mitigate the fouling rate. This concept is applied in the
process according to this invention.

[0036] In the case of chemical reaction, the high tempera-
ture at the surface of the heat transfer wall activates the
molecules to form precursors for the fouling residue. If these
precursors are not swept out of the relatively stagnant wall
region, they will associate together and deposit on the wall.
A reduction of the boundary layer will reduce the thickness
of the stagnant region and hence reduce the amount of
precursors available to form a fouling residue. So, one way
to prevent adherence is to disrupt the film layer at the surface
to reduce the exposure time at the high surface temperature.
In accordance with this invention, the process includes
vibrating the wall to cause a disruption in the film layer.
[0037] Inthe case of the deposition of insoluble materials,
a reduction in the boundary layer will increase the shear near
the wall. By this, a greater force is exerted on the insoluble
particles near the wall to overcome the particles’ attractive
forces to the wall. In accordance with the invention, vibra-
tion of the wall in a direction perpendicular to the radius of
the tube will produce shear waves that propagate from the
wall into the fluid. This will reduce the probability of
deposition and incorporation into the fouling residue.
[0038] Referring to the drawings, FIG. 9 shows a conven-
tional shell-tube type heat exchanger in which a bundle 12
of individual tubes 14 are supported by at least one tube
sheet flange 16. The bundle 12 is retained within a shell 18,
seen in FIG. 10, that has an inlet and outlet (not shown) so
that one fluid flows inside of the tubes while another fluid is
forced through the shell and over the outside of the tubes to
effect a heat exchange, as is known. As described above in
the background section, the wall surfaces of the tubes,
including both inside and outside surfaces, are susceptible to
fouling or the accumulation of unwanted hydrocarbon based
deposits.
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[0039] It will be recognized by those of ordinary skill in
the heat exchanger art that while a shell-tube exchanger is
described herein as an exemplary embodiment, the invention
can be applied to any heat exchanger surface in various types
of known heat exchanger devices. Accordingly, the inven-
tion should not be limited to shell-type exchangers.

[0040] FIG. 10 shows a preferred embodiment of the
invention in which a dynamic actuator device 10, in accor-
dance with the invention, is added to the heat exchanger. The
dynamic actuator device 10 is a device for generating energy
to induce vibration into a heat exchange system. In this case,
the dynamic actuator device 10 is positioned at the flange 16
of the exchanger to impart controlled vibrational energy to
the tubes 14 of the bundle 12. A mounting device couples the
dynamic actuator device 10 to the flange 16. Any suitable
mounting device can be used to provide a mechanical link
between the dynamic actuator device 10 and the heat
exchanger. It can be designed as a heat insulator to shield the
dynamic actuator device 10 from excessive heat. It could
also be formed as a seismic mass. The mounting device
could also function as a mechanical amplifier for the
dynamic actuator device 10 if necessary.

[0041] A controller 22 is preferably in communication
with the dynamic actuator device 10 to control the forces
applied to the heat exchanger. A sensor 24 coupled to the
heat exchanger can be provided in communication with the
controller 22 to provide feedback for measuring vibration
and providing data to the controller 22 to adjust the fre-
quency and amplitude output of the dynamic actuator device
10 to achieve shear waves in the fluid adjacent the tubes to
mitigate fouling while minimizing any negative effect of the
applied force on the structure integrity.

[0042] The controller 22 can be any known type of pro-
cessor, including an electrical microprocessor, disposed at
the location or remotely, to generate a signal to drive the
dynamic actuator device 10 with any necessary amplifica-
tion. The controller 22 can include a signal generator, signal
filters and amplifiers, and digital signal processing units.
[0043] The dynamic actuator device 10 is designed to
induce tube vibration while maintaining structural integrity
of the heat exchanger. If desired, an array of dynamic
actuators 10 can be spatially distributed to generate the
desired dynamic signal to achieve an optimal vibrational
frequency.

[0044] FIGS. 1 and 2 show the details of the dynamic
actuator device 10 in accordance with a preferred embodi-
ment of this invention. The dynamic actuator device 10
includes a base 26 that has a support 28 and an impactor 30
that is mounted to the support 28. The impactor 30 in this
embodiment is a ball 32 carried on a spring loaded rod 34.
The ball 32 can be any hard material, such as steel, and the
spring loaded rod 34 can be any strong resilient or flexible
material, such as metal or plastic, that will support the ball
32 in an upright manner, yet allow the ball to move between
positions, as described below.

[0045] The base 26 also includes an impact surface 36 that
is disposed adjacent to the impactor 30 and is made of any
hard material, for example a steel block. The impact surface
36 can be a portion of the base 26 and integral with the
support 28, it can be connected to the support 28, or it can
be proximate to the base 26. It is important that the impact
surface 36 be connected to structure that can directly transfer
vibrations to the heat exchanger structure. To effectively
transfer vibrations it is preferred that the structure is fixed in
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place. It is also possible to use an existing surface on the heat
exchanger that can transfer vibrations to the tubes.

[0046] An actuator 38 is supported by the base 26 or can
be disposed proximate to the base 26 adjacent to the impac-
tor 30 so as to cause the impactor 30 to move with respect
to the impact surface 36. The actuator 38 can be any
mechanism that causes the impactor to move, especially to
cause the ball 32 to move toward and away from the impact
surface 36. In a preferred embodiment, the actuator 38 is an
electromagnet that is driven by a controller 22, for example
a controller with a pulse generator.

[0047] Preferably, the components of the dynamic actuator
device 10 are formed as a unit, with the impactor 30, impact
surface 36 and actuator 38 supported together to allow easy
installation and efficient retrofit to an existing heat
exchanger. By this, the device 10 can be simply attached to
the desired system, such as a shell-tube heat exchanger, to
impart vibrational energy to the system.

[0048] In operation, the actuator 38 retains the impactor
30 in a first position spaced from the impact surface 36, as
seen in FIG. 1. The actuator 38 then selectively causes the
impactor 30 to move toward the impact surface 36, thus
striking the impact surface 36 and imparting vibration
through the base 26 to the structural support of the heat
exchanger. This is seen in FIG. 2 where the impactor 30 is
in a second position.

[0049] In the preferred embodiment, the electromagnet 38
is charged and attracts the steel ball 32, as seen in FIG. 1.
The spring loaded rod 34 is flexed and stores mechanical
energy. The pulse generator of the controller 22 charges the
electromagnet 38 in accordance with a predetermined fre-
quency. On the off cycle of the electromagnet 38, the ball 32
is released and the stored mechanical energy in the rod 34
causes the ball 32 to swing toward and strike the impact
surface 36, as seen in FIG. 2. The force of the strike induces
a pulse into the block of the impact surface 36 that transfers
to the base 26, through the flange 16 and ultimately to the
tubes 14 of the heat exchanger.

[0050] Of course, any device capable of creating vibra-
tional energy may be used. For example, instead of a ball,
the impactor could be formed as a hammer. The rod could be
replaced with another type of movable support, such as a
lever, swing arm, plunger or rotating support. It is also
possible to actuate movement of the impactor by other
means than an electromagnet, such as a small motor. A
suitable motor can be electrically or pneumatically driven
and can use a gear system and/or cam arrangement to cause
movement that creates vibrational energy.

[0051] The pulse from the impactor 30 induces a longi-
tudinal mode of vibration in the system when the dynamic
actuator device 10 is mounted with the base 26 axially
oriented with respect to the heat exchanger as shown by the
mounting arrangement on flange 16 in FIGS. 1 and 2.
Alternatively, vibration may be induced in a transverse mode
by mounting the base 26 perpendicular to the heat exchanger
tubes as shown by the mounting arrangement on flange 16 A
in FIGS. 1 and 2. A combination of the above mounting
arrangements can also be used.

[0052] The controller 22 will preferably be connected to
the sensor 24 to monitor the induced vibrations and control
the frequency of the impacts and resultant vibrations to
optimize shear waves adjacent to the heat exchange surfaces,
in this case the tubes 14, while maintaining structural
integrity of the system, as explained below.
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[0053] The dynamic actuator device 10 may be placed at
various locations on or near the heat exchanger as long as
there is a mechanical link to the tubes 14. The flange 16
provides a direct mechanical link to the tubes 14. The rim of
the flange 16 is a suitable location for connecting the
dynamic actuator device 10. Other support structures
coupled to the flange 16 would also be mechanically linked
to the tubes. For example, the header supporting the heat
exchanger would also be a suitable location for the dynamic
actuator device 10. Vibrations can be transferred through
various structures in the system so the actuator does not need
to be directly connected to the flange 16.

[0054] As explained above and seen schematically in
FIGS. 3-5, the force applied by the dynamic actuator device
10 can be oriented in various directions with respect to the
tubes in accordance with this invention. FIG. 3 shows an
axial force A applied directly to the flange 16 of the heat
exchanger. FIG. 4 shows a transverse force T applied
directly to the flange 16 of the heat exchanger. FIG. 5 shows
a remote force R applied to a structural member connected
to the flange 16 of the heat exchanger. All of the above
applications of force would be suitable and would induce
vibrations in the tubes 14. Depending on the system appli-
cation, the force would be controlled to maintain the struc-
tural integrity of the heat exchanger, particularly the bundle
12. The force could be applied continuously or intermit-
tently.

[0055] In the above applications in accordance with this
invention, the actuation of a dynamic force creates tube wall
vibration V and corresponding shear waves SW in the fluid
adjacent the walls, as seen in FIGS. 6 and 7. Certain tube
vibration modes will induce oscillating shear waves of fluid
near the tube wall, but the shear waves will dampen out very
quickly from the wall into the fluid creating a very thin
acoustic boundary layer and a very high dynamic shear
stress near the wall. The dampened shear waves disrupt the
relative quiescent fluid boundary layer in contact with the
inside tube surface, thus preventing or reducing fouling
precursors from settling down and subsequently growing
and fouling.

[0056] The inventors have determined through experimen-
tation that mechanical vibration in accordance with this
inventive concept will considerably reduce the extent of
fouling. With proper vibration frequencies, the thickness of
the oscillating fluid can be made sufficiently small so that the
fluid within the sub-laminar boundary layer, otherwise stag-
nant without shear waves, will be forced to move relative to
the wall surface. The concept is shown in FIG. 8. Shear
waves SW near the wall exert both drag D and lifting L.
forces on the precursors or foulant particles in the fluid. The
dynamic drag force D keeps the particles in motion relative
to the wall, preventing them from contacting the wall and
thus reducing the probability of the particles sticking to the
wall, which is a necessary condition for fouling to take
place. At the same time, the lifting force L. causes the
particles to move away from the wall surface and into the
bulk fluid, thus reducing particle concentration near the wall
and further minimizing the fouling tendency. For a particle
already adhered to the wall, the shear waves also exert a
shear force S on the particle, tearing it off from the wall if
the shear force is strong enough. The inherent unsteadiness
of the shear waves within the boundary layer makes them
more effective in reducing fouling than the high velocity
effect of bulk flow. The adherence strength of a particle to
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the tube wall in an oscillating flow would be expected to be
much lower than in a steady uni-direction flow. Thus, the
cleaning effect of shear waves is highly effective.

[0057] Selection of the precise frequency will of course be
dependent on the design of the heat exchanger and type of
dynamic actuator employed. However, selection will be
based on determining an optimum frequency that imparts
enough energy to prevent buildup on the tube wall while
avoiding damage to the heat exchanger parts. Ideally, the
driving frequency will be different from the natural fre-
quency of the heat exchanger part as matching the driving
frequency to the resident mode of the device can create
damage to the heat exchanger parts. An acceptable range of
driving frequency would be about 200 Hz to about 5,000 Hz,
more preferably about 500 Hz to 1,000 Hz, while avoiding
the resonance frequency of the heat exchange structure.
[0058] It is advantageous to use high frequency vibration
for fouling mitigation because (1) it creates a high wall shear
stress level, (2) there is a high density of vibration modes for
easy tuning of resonance conditions, (3) there is low dis-
placement of tube vibration to maintain the structural integ-
rity of the heat exchanger, and (4) there is a low offensive
noise level.

[0059] Selection of the precise mounting location, direc-
tion, and number of the dynamic actuators 10 and control of
the frequency of the amplitude of the actuator output is
based on inducing enough tube vibration to cause sufficient
shear motion of the fluid near the tube wall to reduce fouling,
while keeping the displacement of the transverse tube vibra-
tion small to avoid potential tube damage. Obviously, the
addition of a dynamic actuator device 10 can be accom-
plished by coupling the system to an existing heat
exchanger, and actuation and control of the dynamic actua-
tor can be practiced while the exchanger is in place and on
line. Since the tube-sheet flange is usually accessible, vibra-
tion actuators can be installed while the heat exchanger is in
service. Fouling can be reduced without modifying the heat
exchanger or changing the flow or thermal conditions of the
bulk flow.

[0060] Various modifications can be made in the invention
as described herein, and many different embodiments of the
device and method can be made while remaining within the
spirit and scope of the invention as defined in the claims
without departing from such spirit and scope. It is intended
that all matter contained in the accompanying specification
shall be interpreted as illustrative only and not in a limiting
sense.

What is claimed is:
1. A device for generating energy to induce vibration into
a heat exchange system to mitigate fouling, comprising:
a base including an impact surface, the base being
mounted to a heat exchanger;
a spring loaded support mounted to the base;
an impactor mounted on the spring loaded support;
an actuator positioned adjacent to the impactor that selec-
tively actuates the impactor to move with respect to the
impact surface, wherein the impactor generates vibra-
tional energy that is transferred through the base to the
heat exchanger.
2. The device of claim 1, wherein the impactor is a steel
ball.
3. The device of claim 1, wherein the spring loaded
support is a resilient rod.
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4. The device of claim 1, wherein the actuator is an
electromagnet.

5. The device of claim 1, wherein the impactor is made of
metal and the impact surface is made of metal.

6. The device of claim 1, further comprising a controller
connected to the actuator that controls the impactor to move.

7. The device of claim 6, wherein the controller controls
the actuator based on a predetermined pattern to generate
vibrations at a certain frequency.

8. The device of claim 7, wherein the controller controls
the actuator to generate vibrations at a frequency of between
about 200 Hz to 5,000 Hz.

9. The device of claim 7, wherein the controller controls
the actuator to generate vibrations at a frequency of between
about 500 Hz and 1,000 Hz.

10. The device of claim 6, further comprising a sensor
coupled to the heat exchanger and connected to the control-
ler to provide feedback relating to the vibrations induced by
the impactor.

11. The device of claim 1, further comprising a sensor
coupled to the heat exchanger to provide feedback relating
to the vibrations induced by the impactor.

12. The device of claim 1, in combination with a heat
exchanger, wherein the base is structurally connected to heat
exchanger.

13. The device of claim 12, wherein the heat exchanger
includes a plurality of tubes that carry fluid for heat
exchange and wherein the vibrational energy generated from
the impactor is imparted to the fluid carried by the tubes.

14. The device of claim 13, wherein the base is connected
so that the impactor generates a longitudinal mode of
vibration in the tubes.

15. The device of claim 13, wherein the base is connected
so that the impactor generates a transverse mode of vibration
in the tubes.

16. The device of claim 13, wherein the base is connected
so that the impactor generates longitudinal and transverse
modes of vibration in the tubes.

17. The device of claim 12, in combination with a refinery.

18. A kit for retrofitting a heat exchanger in a refinery with
a fouling mitigation system, the heat exchanger having a
heat exchange surface exposed to fluid flow, the kit com-
prising:
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a device for generating energy to induce vibration in the
heat exchanger, including a base with an impact sur-
face, a spring loaded support mounted to the base, an
impactor mounted on the spring loaded support, and an
actuator positioned adjacent to the impactor that selec-
tively actuates the impactor to strike the impact surface;

a mounting device for forming a structural connection
between the device for generating energy and the heat
exchanger; and

a controller connected to the actuator that selectively
drives the actuator in accordance with a predetermined
frequency to generate vibrational energy that is trans-
ferred through the base to the heat exchanger for
producing shear waves in the fluid flow.

19. The kit of claim 18, wherein the impactor is a steel

ball.

20. The kit of claim 18, wherein the spring loaded support

is a resilient rod.

21. The kit of claim 18, wherein the actuator is an

electromagnet.

22. The kit of claim 18, wherein the controller includes a

pulse generator.

23. The kit of claim 18, wherein the controller controls the
actuator based on a predetermined pattern to generate vibra-
tions at a certain frequency.

24. The kit of claim 23, wherein the controller controls the
actuator to generate vibrations at a frequency of between
about 200 Hz and 5,000 Hz.

25. The kit of claim 23, wherein the controller controls the
actuator to generate vibrations at a frequency of between
about 500 Hz and 1,000 Hz.

26. The kit of claim 18, further comprising a sensor
coupled to the heat exchanger and connected to the control-
ler to provide feedback relating to the vibrations induced by
the impactor.

27. The device of claim 1, in combination with a heat

exchanger, wherein the generated frequencies range from
200-1000 Hz.



